Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach by Beria, Paolo & Grimaldi, Raffaele
MPRA
Munich Personal RePEc Archive
Appraising the benefits of bottleneck
removal in rail transport: a simplified
CBA approach
Paolo Beria and Raffaele Grimaldi
Politecnico di Milano , Politecnico di Milano
10. May 2013
Online at http://mpra.ub.uni-muenchen.de/46889/
MPRA Paper No. 46889, posted 12. May 2013 12:09 UTC
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 









 
  
Appraising the benefits of bottleneck removal in 
rail transport: a simplified CBA approach. 
  
 
 
 
 
 
 
 
 
Paolo Beria, Raffaele Grimaldi 
Politecnico di Milano – Dipartimento di Architettura e Studi Urbani. 
 
 
 


May 10th, 2013
 
 
 
RESEARCH CENTER ON TRANSPORT POLICY 
LABORATORIO DI POLITICA DEI TRASPORTI 
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 


	
	
 
		

		
		 	
	
	
 ! 
"#$$%& 	
	 
	 		
 	 
'		
 		

 	
	 (
			
"	
	

		&		
	
	
  	
	
	
	
	 	

 	
	
 	
)* 

	
			
							
	
	
 			
	)* 
+   	   
 		
 	 
	   +  

   
  
 	     	 		 

 	  	

, 	
    	    		 	 	  -  	 	


 		 
   	

  	 
 
 	   	 

  


	)* 	
		(	

	 	
			 	
 
. 	

		

	
		


Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
 	

   	 
 	 
	 
	  	 		   	

	  

	

	)* 	
")* &
 /
	0    	 	  
  	
   	
   	 


	 
	
  		 	 	  

	"12&		+	
	 (		
	


		

		
		

		


/
	
0
	

	
			)*  

 
	
	 	

 .  	

 "3#&  
		
 

	
)* 34
	


 	  
     

  3 5   	 	  	 
  					
	
	

	
			3%

			


	
	( 	
 	 		 	

	 	 
   	  	
   

'	

  3 6      	 

 )*  
 	
  	    
 
37

 

 



 		
	

	  )*  -
 

	-
				
 
 
 
 "	
 ! ( 8)8+* #$$5& 	 	      
  
 




 



 
!
 




"



 #



$
$


 



 %
					
				
	
	
")	3
4 	 96&    
    	  (    



 
 
& 


!
" 


  
  
 

        
    
 



  


 # 
   
 


  
      
  

 
 



   



 


 
  
  
 

 #
   


 


 
' 
 
(

 
 


%%		
	

 		
+3	*)	*/: ;	0": 	
#$$9&
	
			
. )	< 	;	

	
		


 3#
		

		

/

	0		
"3 #$$4&(			
"
&			
		
 
  

   	  	
  	 "     	 
	
=			
	=		
	& 	
	
				
	

 

Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
: 
 "#$>#& 
	      	   	

   	 	 	 
 	
	(
 		
?	
 	

 
  	      
 	 		

 
  
 	 	

		
  		 	

  - 
  
   	 		 	 
	
	
		

		
	
.    :	 	 3	 ">999& 
     
 $   


 



  
   
)



 



 
%
8
		*@"#$>#&	 	
	
		
		 
	

 
		
	
 	
	 
-		
	   	
 	 
  
  	
 	  			
 + 
3 			
	"8
		*@#$>#&		
		
		
	

			   
		
		
 
		
			
	

1					

	
	
	
- 	  	 		

 	  	   
 	  


		
	.  



 
			
	-	

(	

+	  

	
  	
					 	


(     
	 	   	 	
  	  	
 = 	  - 	

	 "8
		*@#$>#&  	 


	
)* 
 

  
;,	
	 *  		
/	
0	/	0
. 					

	 	$. 	
		

						
 	 *
	  		

	
 			
 "	
/!)0&	12 

	
		


  
 	
	 3   	 
	  	 	    
	


 	
"'>&	
	
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
	 !" # 
B
A
D
O1 O2
rail
road another path

A  * 1>	1#		

	2 . 
	
 !) 	
. @ 		1> *2 	
1# *2 	 *  		
	
/	
0	/	0 "		
	

1>2 	1#2 & 	

		
		

		 				
"&
	" 		&
;,	 				
 */	
0+
	   

 	

 	
	   
        
 		
 
	 		

12 			

  '
	
"	1>&
 /	0		

 					

		 	
	
 	  "	   1#& 
 		

 	 	 	     
 /	
	0
	
"
/	 0&	(
> 12 	?
#  		?
4 		
< 	   	 	  

    	 	 
 	 -
 
	
	
	-	
 $

		
 	

 "	


&	
	 		

				"
?)		
#$$>& 	 	 	 	
	    
	  " 
&  
  
	
3	


			
					
 	
	  	
+	
 
 

	
	


8-	>
( )
( ) ( )roadrail
rail
rail GCGC
GCp
⋅+⋅
⋅
= λλ
λ
expexp
exp
 !%	
.  
    	  	
 	 *
 	 * 	  		 	
  

	
				+	
			

Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 


 '#
	 !"	


Total exogenous 
traffic A-B
Unconstrained 
rail traffic 
A-B
1 
(today)
Max rail 
capacity A-B 
(constraint)
2 
(start of saturation)
t
Q

	
		-	
	 * 

 			
	
						(	

				
	
			


	
+ 	
	    
 
        	  	  		
"	
	&  
3>(!)	
!)		
	 		
3#(!)			
			 !)	



.   	 	  		 	
   	
 	   		    
8-	#
( ) ( )










	






⋅−
⋅
⋅= road
bottleneckrail
road
bottleneckrail GCp
GCGC λλλ exp
expln1
,
,
 !%	

;>	

> -		 			!) 	
		 				
				

	
 
	

						
	
			!)	

 						
;#	
	
			",!- 
 ."? 	B 
	
& 	  			 	   			
	
 
			
		

 				
 !)	

	!)	
. 
					

		
   

	
	  
 

	 	
>

 
>
+ 					
	
.  	

	
			
"/	
0		4$C & 				

   "/	0 	  	 7$C &  	
	 
  "  /	0  
  
 & *
  	

				
"!)	! )	
&
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
	 $ 
		
&'( &(
no saturation
t(Qrail,max) 
(reach of capacity)
Shift to second 
best route
t
GCrail
saturation 
shift to road
road
rail
alternative route
t
Q
A)
B)
Qrail,max

'4	
					/	
0"B 	
	&
	
	  	 	   !)  	

#
 "	  & )-
 	
 	  	 

  
	 		 "	 *&  	      " 	  		 
/	0&					/	
	0"	
	
	
	&

		
  "	*& 	 	
		
"			 &
( ) ( )















	






⋅−
⋅
⋅
=
pathealternativrail
road
ibottleneckrail
road
ibottleneckrail
GC
GC
p
GC
GC
__
,,
,,
expexpln1
min λ
λ
λ  !%	

 	   

		

	  


	  	. 	 			
    
 

					

	
/	
0 	
		


 	
     		 	-
 
		
 
 				 	



	
		

		
		"				&			
			
 	

	
#
.  


	 				

"		&		
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
"		
&		
	
	
 
 


D		
4
			

		

/
	
0  	
)* 
				" 
	#$$>?E#$$5?. 

*	#$$%&+			

	
	
 		
	

		 		
	
	
	) *	*
With 
saturation
Without 
saturation
Q
GC
GCrail,bottleneck
GCrail

+           	    	 	   		  
		  	  .  @   	 	 	 	    
	   

 
 
	
 +	 		
 		

+



 				
			
/
	
0		

5

 
			F	"#$$5&	
				@	
  

 
   
         	
		
1  	 	

   	

	 	
     	 		  	   
 	       
 	 	 	
 
 	
   
 		
	
  	
	
 "!)	
&	  	 
	  
		 	 "!)	

&   	    		   	  		 
	
	
		 
						
	G
	
G		"'%&/
	
0
	 H   

  	 


 
4
. 				,(		 


				
  

   	 -
 
       	 .   


3%
5
 )
	
	   			 
	
 	
  

					 
	

 		)* 
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
  !)	
					" 
 
	&
	+ ,# 

&(
QrailQrail,max Q
GC
GCrail,bottleneck
GCrail
Surplus loss
Scarcity rent (transfer)
R S

			
(
∆3IJIB 	
 	K"!)	
!)	

&JL "B 	
B 	
 	&K"!)	
!)	

&
	 	 	 	

. 	
     (		
		"		/0 	 '%&   	
 	/	0			
"			
	

			& 
		 " 
(		
&		
@"		 	   		 	
	
33%&
 "		/30	
'%&	

		
		
 "			

&
	



		
(
∆3IIL "B 	
B 	
 	&K"!)	
!)	

&
 

  )* "36&
) !"
# 
	
		
		 +	
     	 
	
 	 	    	   	  	
	

	 

 					

	

	
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
	- !" # 	
	&(" 

 .&(
A B
CD
A B
CD
Section 1
Section 2

+  
 	  	
 ' 6    	   	    	  
D	1 2 		>6

	
		 1 2 	+
	  ' 6 	 	
   @  	 
	 " ) *) *2 &   	 


 		 
   +	
	  	


1 2 		 	 1 2 		
		
 
"	3>'6&			
	 	
			
	34 

 	  	 	 "  	

	&  	
   	  "	 


&			
  	  	 	      "	 3 > 	 3 #  ' 6& 	 
		 		
 + 	  	  
 	

		


 (
	& 8	1 2 						
!) 		
"E&	

		 "-	
$		
&	
!)
I!)JE>JE#JM 
& 	

EI$ 		     

"1 2 	&	
& 3			
%
"	3>&	E>
	

		>$$C 		"B IB 	&
+		3>					
3#
	

 
  		 + 	 
 /			

0   
	" )*)*2 	
&		

	

	
3	
			

	
1 2 	
	
	!)
+   	  	 E>     
 	

 	 	  	 		


	3#+			E#	

			

 
 	  "
  )   	
&       	   


 
			
 3>" 
 >$$C &3 

	

 
%
	

1 		
		

Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
		
3			
"4
 

	E>
	

	&
-
	 	

B IB 	
+ 
 
			
 
			>4		

		
	+	
			,	
		 	 			
: 	 ,

	'%"	& 5			
>
 /	
	&0(
case 1.1 1.2 2 3 
Cost of scarcity for final users -R  -R -R 
Extra revenues for TOCs +R    
Extra revenues for the IM   +R  
Extra revenues for the Regulator    +R 
Net surplus variation -S worse than -S -S -S 
∆S -S worse than -S -S -S 

>&  	 
		  +	< 		 "/+< 0&
 
		
 

	
				
 " 	  	
   	
  /		, 0 
& + 
			(
>>& 	1 	)	"/1 )0&		
	
	 @ 
  +  	 	
  " 	  
	&		1 )				

>#& 1 )   	     .  	      /	
0
 	
 /	
0     	  		  	  
.   
 	 '  	
          	  	
-		  
 
   
 	  .   
 	 

	 
#& 	
	+< 	

	

 	 
  1 ) 	    

 	 	  +<   

   	 
	
	
4& 
		
	  	  
  
 	

	
	(		 . "1 )& 

		
			 
 . 			 


 

 	  
	 

    "	
  
 

		

	
&	
			

)* + 	
	
					"&		

+
			

	 		/0		
 	  
	     	

 	   	 	 
 
  
		/30		


	1 

	># 
 
  	3	
		
  

  .  "	 	   	&  	     	
 	  1 )  

 
	
	
		 		 

	
	/	
0
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
+ 
    	  @ 	  

 /	0  	  

 =		)* 
=		

 

	 	>#
- '1'
 2

+      	  	   	  	
	     

	
"	
&			


	
 

	
		
?	 	 #			




  + 	
 #     	   	  	

 
	  
 	

@	

	

	"%	
#&
 $ 


 
) *
> +?
# :  	 	 	
		?
4 	
	

5 
 	   
"     	
 
 	 	 
&
% 	
	
(
 3
 	   	  
   

   		 	
 	 "	
	

	&?
 3	  	
     	  

 
	?
 
 
6 	

(
 	
	"
	
&?

   	      	    " >  5  	
 #& 
	-	
	
3	
			 	
 
		
		    	   

   	 	
  " 	
		


		& 
 	

	 	
		

		
@	 	  	 "	  
N 
6
&	  + 
  	 
,
		 	

	 
  

 "	 	 	 	 	  /
	
0& 	
 
  	   	 

    	 	

 

	
		
	
8A 	)82
"#$$O& 
	
 	 	  	   
P  	
 "#$>4&  	 	 	  * #


"2#$>4(A4%6&
  
	
 		
 	 
		

 	
@
	  "O	
#&.  	


	 	  	       	  

  		 )*  	 	

  
	
  "N 	 #$$7&( 
	 
 	
 	   	  
 	 =		

 	
	@= 	

	
 	
@(		
 
6
 	

N 	

				

Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
 
	
				=		 			


		 =  		
A	
  	
	       	

 -  
    
  
	
	 	*#


"2#$>4(A4%>5&


	
	
			

				 		  	 	

. 88		
@	 	)* 
 	
	 
 			
 	
 			 
. 	

	

 	
	
 	  	
		
	
   	 	
  	  	       	
 
 		
 

		

   	 


	

   
 
	    "  
	& 	 
    	 
 	  		 

	
	
		
	 
	
 :N +			
 			

		
	
 			
			

3 1
	 
+ 	 	 
		 					
  		
   		 	
 	)*  A  	
 

 
 				
	
				
	
		 	" 		 &	



 			
	" 			

 
&  	  
    	 	    	
	   


 	
	  	
 			

   	  
         
 	 	 
    

4 


 
  	   #$$> /+ 	
 	  ( 
	  	
 	 			02  	E * "&(/ 
 
		48
	 ?
)		8"#$$>&#
  

 0 N
593
)82
"#$$O&	 		
	

1 


.*#!1 *#"2
3
2 "#$>4& # 
 
 2	   	 ; "AE& . (
(DD   D 	
8)8+* "#$$%& 	
0 	
   
 
 8	 )   	 8	
+ *	
8
	 F Q  *@ <  "#$>#& 1   	
 	   	
 	   			

+#
	4531 
 ":>##>#5&
FF2 Q ! "#$$5&/)=R		
 		(			

		06
#1   >$4>>=4#6
E S "#$$5& )  		
  	    	 	
	 6 
7 


4O	##7%4$7
Beria P., Grimaldi R.   Appraising the benefits of bottleneck removal in rail transport: a simplified CBA approach 
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